LETTERS TO THE EDITORThis
INTRODUCTION
The paper by Nearey (1989) contains a thorough review of experimental results and theories concerning the various factors that influence the perceptual identification of vowels. It also contains a report on an experiment in which subjects had to attach phonetic labels to synthetic vowel stimuli, specified by the frequency positions of their first two •II• prc•cntcu in two different contexts at two different fundamental frequencies (F0) and at two different positions of the higher formants. The results showed that the perceptual identification of vowels with the same frequency positions of F 1 and F2 was influenced by each of those factors. The observed effect of the higher formants was comparatively small, but it may have been restricted by technical limitations. The role of the higher formants is left outside the following discussion, which is based on Nearey's "low higher formants" condition.
The observation that vowel identification is influenced
by extrinsic factors, such as the preceding context of presentation and by intrinsic factors, such F0, is in qualitative agreement with the results of previous research. However, Nearey arrives at the conclusion that his data are not in quantitative agreement with some previously published results, showing a larger effect of F0. This conclusion appears to be due to a type of omission that is not uncommon in research on speech perception: Descriptions of perceptually equivalent stimuli are compared without a proper analysis of what is going on in the perceiver processing the data.
The experiment reported by Nearey is an elaborated extension of a similar experiment by Ainsworth (1975) . In the following, reference will be made to Nearey (1989), but the criticism brought forward applies equally to both reports. In Nearey's (1989) experiment, subjects had to attach phonetic labels to synthetic vowels. The stimuli were drawn from two sets of vowels, which were overlapping in the F 1 X F2 plane. One set covered the ordinary vowel area in adult male speakers. The other set had formant frequencies that were higher by 32%. Pitch was either 120 or 270 Hz at the beginning of the stimuli and falling toward 84% of those values at the end.
The stimuli were presented in the format/ioX/, where X is one of the test stimuli,/i/represents the vowel with the highest F2 (2250 or 2961 Hz) at the lowest F 1 (250 or 329 Hz) within the same set of stimuli, while/o/represents the vowel with the lowest F2 ( 1082 or 1423 Hz) used at the highest F 1 ( 750 or 987 Hz) within the same set. The subjects were told that the first two vowels in each triplet were intended to be tokens of the phonetic categories/i/and/o/ and they had to decide on the phonetic category of the third vowel. In the evaluation, Nearey (1989) chooses to discuss how the different conditions affect the response category /u/, which, unlike peripheral vowels, is not affected by "windowing" effects. Figure 1 shows the position of the center of this response category in the F 1 X F2 plane, obtained in the various low higher formants conditions. The interpretation adopted by Nearey (1989) appears to be quite straightforward: If the formant frequencies in the precursor vowels are changed (from LL to HL or from LH to HH in Fig. 1 Fig. 1 ), the observed change in the responses is attributed to the effect of pitch. At first sight, it is difficult to see anything wrong with this interpretation. It is, nevertheless, fundamentally in error. There is a third source of information available to the subjects: their prior experience with vowels that are different in paralinguistic quality. That kind of information does not enter into the normal interpretation of a "fully crossed factorial experiment," adopted by Nearey. Therefore, that procedure is adequate only in cases in which a pure stimulus-response psychology is adequate. The case here at hand appears to be an instance of the wider class of misguided thinking that is due to a preoccupation with the physical properties of speech signals, i.e., the kind of properties that can be measured with standard instruments. Due to this bias, listeners tend to be considered basically as unreliable spectrum analyzers. In the relevant literature, utterances similar to the following one are not uncommon: "Let subjects identify a certain synthetic vowel. Present thereafter the same vowel at an F0 that is higher by 100 Hz." Such an instruction is often misintended and/or misunderstood to mean a vowel with the same spectral envelope. In order to follow the instruction appropriately, it would be necessary to increase not only F0 but also the formant frequencies to agree with those in a natural vowel with the same phonetic quality, e.g., as produced by a smaller speaker or by the same speaker at increased vocal effort. To be quite sure that the vowel is the same, it would be necessary to ask a panel of listeners. There is no meaning to phonetic entities outside the context of human speech perception. Vowels cannot be said to be the "same" unless perceived to be identical in phonetic quality.
HL to HH in
In order to arrive at an understanding of the process of speech perception, it is necessary to consider that the listener has quite definite expectations concerning the normal properties of speech sounds as produced under a large variety of paralinguistic conditions. It is, therefore, not enough to relate acoustic descriptions of stimuli with each other, but these have also to be related with descriptions of the expected properties of speech sounds under the paralinguistic circumstances at hand or--in the sense of a direct perception theory--with descriptions that are free from paralinguistic variation. Furthermore, it is necessary to consider that the listener adjusts his expectations in response to any atypical properties of speech sounds in the preceding context if perceived to have been produced by the same speaker in the same paralinguistic manner. In this way, listeners can handle certain kinds of regular deviations in speech. The challenge consists in the fact that the properties which speech sounds merely are expected to have are only accessible to indirect observation. They are the "hidden factors."
The While listeners have definite expectations for each vowel phoneme, these are largely dependent on each other. It is, therefore, possible to describe the process in approximation by relating the intrinsic properties of vowels to the expectations for an "average vowel." In this sense, the phonetic quality of vowels can be described by invariant perceptual quantities In: _l'rt = (Zn --Z le )/(Z 3 e --Zle) , 
where Z leo is the average position off 1 at low values ofF0. Z 1 e is almost independent of Z 0 for Z 0 < 1.5 Bark (150 Hz). Equation (2) describes the relation between F0 and F 1 in the same vowels produced by speakers of different ages, down to 4 years, and it fits various results from perception experiments with synthetic vowels (Traunmiiller, 1988 The discrepancy cannot be removed by reference to context. In a noncoarticulated context, with sufficiently long pauses between the stimuli, we have no reason to expect the perceived phonetic quality of a vowel to be altered by a preceding presentation of some other vowels with the same paralinguistic quality, given that these precursor vowels are typical representatives of their phoneme class. This must be distinguished from what was the case in Nearey's experiment, where the subjects had been instructed how to interpret the precursor vowels, which, in the crucial cases, had clearly atypical properties.
As for Z 3e, we do not know how to predict it in general, but, for synthetic two-formant vowels, a value of 15.3 Bark was obtained (Traunmiiller and Lacerda, 1987) . This value was independent ofF0 and F 1. While Z 3 e might be expected to follow with the higher formants in more natural stimuli, it remains to be seen to what extent it actually does. These equations can now be used to calculate the values off 1 and F2 in a vowel that has the same phonetic quality as the central member of the category/u/observed in Nearey's "baseline condition" if F0 is increased as in that experiment, while the higher formants remain unchanged. For these calculations, Z le0 has been taken to be at 4.5 Bark (450 Hz) and Z 3 e at 15.3 Bark. The result of the calculations is not very sensitive with respect to the precise values assumed for Z leo and Z 3 e . It is, however, quite sensitive with respect to the chosen type of F0 value. Nearey mentions this problem. As for the role of the extrinsic factors, the following assumption appears to be reasonable: If we hear some vowels whose phonetic identity we know beforehand but whose F 1 and F2 are 32% too high in frequency, then, if there is no reason for a different expectation, we expect also F 1 and F 2 of an/u/to be 32% higher than they normally are. In the case at hand, the outcome is almost the same if we consider the changes in terms of critical band rate values instead of frequency percentages.
II. CASE STUDIES
Our line of reasoning leads to the predictions shown in In this case, the value of F 1 expected due to the extrinsic factors agrees approximately with that expected due to the intrinsic factors, but there is a conflict concerning F 2. Even this conflict can be seen to be resolved in a compromise that gives equal weight to both expectations.
According to this analysis, the weight of the extrinsic factors as compared with that of the intrinsic factors was roughly the same in the cases HL, LH, and HH. This agrees with what might be expected. However, it should be underlined that we have not predicted that the weight of the extrinsic factors should be equal to that of the intrinsic factors. We can only interpret this as an accidental outcome of the experiment. The weight of the extrinsic factors is, e.g., likely to be inversely related with the temporal gap between precursor and test stimuli. Extrinsic factors are most important in an immediate context. Context may also have an important function in counteracting possible instantaneous effects on vowel quality of linguistic F0 variations within utterances, but this needs further investigation.
When the extrinsic and the intrinsic perceptual effects do not counteract each other, they are, according to our analysis, both about twice as large as suggested by Nearey. As for the effect of F0, this resolves the apparent conflicts between theory and experiment, referred to by Nearey (1989) on p. 2101.
As for the perception of the phonetic quality of vowels, auditorily resolva- 4 When I first noticed that the relation between F0 and F 1 is not quite as simple as might be desired (Traunmiiller, 1981 ) , I proposed to relate F 1 to F0 on a scale that deviated from the Bark scale, in such a way as to keep F 1 at a constant distance from F0. This was not meant to be anything other than an ad hocprocedure (cf. Nearey, 1989, pp. 2107-2108), and I did not have sufficient data to describe the shape of such a modification with the desirable precision. I also tried to find an auditory spectral landmark below F0 that might maintain a constant distance from F 1 on a Bark scale. Now, however, I prefer to regard the essence ofEq. (2) just as an empirical description of where F 1 is to be expected as a function of F0. It has also been claimed that the simple hypothesis of a constant tonotopic distance between F 1 and F0 in vowels with the same phonetic quality describes the observations with the necessary precision (Syrdal and Gopal, 1986) . This is, however, not substantiated by the data considered in Traunmiiller (1988) 
